One of the most important issues in public transportation oriented urban structure is pedestrians' accessibility to public transportation station. Pedestrians' accessibility is influenced by socioeconomic conditions such as personal income and location of working places as well as primary factors such as access time and distance. The purpose of this study was to construct a comprehensive transportation selection model using a logistics model in order to understand the influences of various variables on accessibility focusing on subway stations in new towns in metropolitan areas and to set the proper distance for pedestrians.
I. Preface 1. Background and Purpose of the Study
Urban structure can be defined as the organization where various factors such as houses, industrial, service, transportation facility, open spaces, amenities are distributed maintaining connections and influences. We can say that the urban space planning is to manipulate this urban structure artificially and make them function as an organic city.
Urban structure in modern society is made in a close relationship between land use planning and transportation planning, and accessibility will be influenced by the size of the city, transportation methods and urban structure. When reviewing the development process of new cities historically, there have been continuous efforts to enhance the accessibility.
Cities made according to the recently proposed concept of Sustainable Development emphasize pedestrians' accessibility to public transportation to realize the space structure focusing on pedestrians and public transportation. Therefore, pedestrians' accessibility became a very important issue.
With this background, the purpose of this study is to identify what are the main influential factors in subway use of new town residents and suggest the walking distance to the subway.
Scope and Content of the Study
There may be some problems in the application to reality because there are many factors to be considered in location characteristics and economic aspects in the deductive approach to physical plans. As planning methods have developed through inductive methods, we need an inductive approach based on our own experiences to establish an independent planning system for new town plan. 1) For the purpose of this study, we performed a survey on 6 new towns in metropolitan areas to identify accessibility to public transportation. In order to analyze the level of public transportation use according to user characteristics, the survey was performed on the residents who lived within a 1500m radius from the subway. The sample size was 1,008.
2) Based on these materials, we used cross analysis, regression analysis and logistic regression analysis, analyzed the influence of distance variables together with socioeconomic characteristics on public transportation use and estimated walking distance to use the subway. 
Review of Previous Literature regarding Pedestrians' Accessibility to Transportation Tools
The previous studies on pedestrians' accessibility were closely related with city type and space structure. Many studies used quantitative data and simulated or analyzed accessibility by identifying urban structure utilizing the probability model.
The studies regarding accessibility in Korea include influence of pedestrians' accessibility to public transportation, analysis of access time of subway users, a study on city public service facilities and accessibility measurement among the users, and walking path selection model. Seong-hee Kim(2001) constructed a logistic model on private cars and public transportation by setting individual and household socioeconomic characteristics and personal utilization aspect by transportation tools. In this study, she estimated walking time as 6 minutes in the 1/4 mile radius which is proposed as the walking distance in TOD theory, using the logistic model and specified 440-460m is the walking limit to public transportation.
Dae-wung Kim(2002) set the size of station area by calculating walking rate and walking time distribution targeting to the subway stations of Line 1 in Daegu. In this study the walking accessible time was 10.28 minutes on average and he proposed that there would be 300m deviation from 530m, the average access distance. Dong-nyeong Kim(1986) measured the scope of the station area by measuring access time distribution by purpose, age, income and sex. In this study, he specified 80% were within 10 minutes distance and 54% were within 5 minutes distance.
Mats Reneland(1998) performed the study regarding the accessibility to public service facilities in the city targeting 5 cities with a population less than 100,000 , 14 cities with  populations of 50,000  ~ 99,999 and 33 cities with the  populations of 20,000 ~ 49,999 people. In this study, those who live within 400m from the public transportation operating at 20 minutes intervals and those who live in the bigger city use public transportation more frequently.
Robert Cervero(2002) developed his previous article ëTravel demand and the 3Ds: Density, diversity, and design(Cervero:1997)' and clarified that physical walking environments may influence the selection of the transportation method through the logistic model.
LUTRAQ group set 4 variables to study pedestrian friendly city space structure and explained it with VMT 3) model, and Cambridge Systematics dealt with service accessibility while performing a study on 'Short distance between home and work in LA' in 1994. 4) On the other hand Hanson(1982) in Sweden proposed that socioeconomic characteristics could influence individual mobilization distance, method and times, and identified the accessibility by specifying location variables.
5)
Richard Rogers(2000) addressed that we could achieve energy savings by encouraging walking and reducing the moving distance of vehicles through compact development by setting facility placement standards according to distance.
TOD(Transit Oriented Development) theory proposed by Peter Calthorpe, New Urbanist is to prevent reckless suburban area diffusion and develop it with a plan. TOD is the development method of neighborhood within walking distance from public transportation such as light weight tram and bus. In other words, it means to distribute retailers, citizens' centers, recreation related facilities, job centers and highly populated areas in 1/ 4mile~1/2mile radius from bus stations or rail transportation systems. 6) Regarding the walking areas, there are many domestic and foreign studies. [ Table 2 ] shows the summary of the study. The subject cities of this study all have a lattice road system, the center of which is the subway stations. However, the new cities show differences in size and location of the subway stations. Bundang and Jungdong planned subway are to be on external axis and Ilsan planned subway is to be in the center of the city. Gwacheon, Sanbon and Pyeongchon have a subway system penetrating the center of the city and residences are located within 1.2km radius.
When looking into the internal structure of the city for the perspective of accessibility to Subway stations, a great number of residences are close to the subway in Gwacheon, two axises are toward a residential area from the subway stations in Sanbon and it has a radial shape road system for pedestrians and bikes to the blocks not on the axises. There are good pedestrians' roads in Ilsan. However, in Bundang the longest distance from the subway station to a residence is over 1.6km and the use of the pedestrians' road system is very complicated. Therefore, it is not easy to use the subway in Bundang.
Subway stations in Jungdong are far from the center and the location of the subway station is at the end of the city. Therefore, average 2km's access distance is needed from the houses in the center. It is analyzed that the subway is not a convenient medium in Jungdong.
However in Pyeongchon, pedestrians' roads are connected from the center road from the subway stations and a three dimensional pedestrians' road system is established. Although the pedestrians' roads are not crossed with vehicle roads, it is not easy for the pedestrians to walk, because the Subway stations are separated by a large road.
Characteristics of Subway Use in the New Towns
Overall public transportation use rate of the residents is 35.3%. In new towns, 90% of residents have a car so we can assume nearly almost every household has a car. Nevertheless, 30-40% use public transportation. WE can guess external factors such as increased expense, traffic congestion, parking area deficiency, fuel cost, and road fee as well as personal income level.
Bundang and Jungdong showed a low subway use rate, which is 21.8%. Considering the subway was considered as the major commuting method to Seoul, biased subway stations may affect negative impact to subway use in Bundang and Jungdong.
However, Ilsan shows nearly 40% subway use in spite of the biased subway station. It is probably because the car possession rate is relatively low and it has a systematic road system for pedestrians and bikes. Gwacheon showed 40.9% public transportation use, as it is small in size and all the households are close to subway stations and inter-bus stations.
When analyzing the transportation method to subway stations that the residents use to get to the subway stations, many of the residents in Jungdong use car or bus to get to the subway stations, which means it is inconvenient to walk to the station. The major reason why they don't use subway is that they did not feel the necessity of the subway because of their own private car (80.4%). As the convenience of the car is the major contribution to non-use of subway, the possession of private cars makes an absolute influence on subway use rate.
On the other hand income has the strongest relationship with the subway use rate out of the socioeconomic variables(R 2 =0.691). Income shows a strong correlation with house space (Table 9) . Those who use the subway most frequently with an income of less than 50 million won live in a 30 pyung residence. It implies we had better plan to place houses of less than 30 pyung near subway stations to improve subway utilization. The relationship between the subway usage rate and age of householder describes a parabola. In an article by Seong-hee Kim (2002) , she addressed the same trend. We can see commuters living in new towns show higher subway usage rate from their 30's. It can be interpreted that the car usage rate in the 30's is high because they are the ones who participate in social life actively. Regression analysis and discriminant analysis have difficulties in application when dependant variables have a binary value only. As regrsession function is described as primary function, y will have the value of 1 and 0 even when x is a continuous variable. Therefore, binary variable analysis using a linear probability model cannot meet the basic assumption. Thus, it is an improper method because of the uncertainty of estimation and different characteristics. We need a logistic regression nonlinear probability model because of this.
10)
Logistic regression analysis is a statistical method devised to estimate probability of an event directly. In other words, we can express the probability of an event like following the formula. 11) the explanatory capability of the model using a nominal scale that has interactions with independent variables.
In order to validate the logistic model, we use likelihood in logistic regression analysis. Likelihood means the probability of a certain observation result of a certain parameter estimate. Therefore, likelihood has the value between 0 and 1. For convenience, we use the multiplication value of natural log of the likelihood to -2. The likelihood of the perfect model would be 1. Therefore, when -2LL is near 0, in other words, smaller, the appropriateness of the model is getting bigger.
12)
The first analysis we have tried was if we could construct a regression model by personal feelings of the residents and time estimate to the distance. As we expected that the commuters could not answer the time to the subway station precisely, we asked the time to the station of only those who use the subway for commuting. As we expect that subway commuters may have a rough concept of the time to the subway station, we deal with the time as a category variable with 5 minute units.
We classified the distance to the station as maximum, medium, minimum and actual distance from the station to the block. As the new cities have a lattice structure, we selected the straight distance as the use distance and maximum value for the utilization area measurement in the City Plan.
Regarding accessible time, 65% answered 5 to 10 minutes regardless of distance. However, among the responders who answered '5-10 minutes' 93.7% answered that '10 minutes 'When we estimate the 10minutes walking distance based on an average walking speed(1.22~1.27m), it will be 732-762m. However, people recognize 1000~1200m as 10 minutes walking distance. In other words, it is very difficult to consider this as a conversion of distance because every person has a different standard.
We used scale variable and logistic variable as the variables used in transportation method selection model. In case of scale variable, we adjusted the average and standard deviation of independent variables, because they did not have regular unit or distribution and compared the explanatory capabilities indirectly.
13) It is called as standardization. 14) When we use nonstandardized variables, the explanatory capabilities of the whole model of the influence of variables according to the unit of decimal points and degrades the reliability of the model. Therefore, it is a must to standardize scale variables.
When constructing a model, we constructed the maximum and average value of the distance all together to make a proper model and we constructed the logistic model using all significant variables (Model 1).
Model 1, where all the variables are entered, showed the low correlation between variables. Therefore, we adjusted variables with low correlations and enhanced significance of the variables used in the model by removing the variables decreasing the significance (Model 2).
Variables in the model 2 showed a significance of less than 0.1, which made the model 2 significant. In the In logistic regression analysis, we analyze using the proportion of the probability to occur and the probability of not to occur. It is called as Odds Ratio and we can induce probability through following the formula based on Odds Ratio.
The characteristic of logistic regression analysis is that it can estimate the influence without degrading the explanatory capabilities of the variables even when the variables are not significant within 5%. Therefore, we need not remove variables that can be easily omitted because of significance and it is possible to estimate the explanatory capabilities of each variable as coefficient B value.
Additionally, even though the value of a variable is nominal scale, we can analyze it, if we classify it to be processed as a logistic variable. Therefore, we can enhance maximum model, the possession of a car is a very significant variable with a significance of 0, and distance was the next significant value, following income.
The value 'B' shows the explanatory capabilities of each variable. (+) shows the increase of probability to use the subway and (-) shows the decrease of probability to use subway. In other words those who are in their 30's (Age group was classified as 30's and non-30's), who have a car, who have higher incomes and who live far from the station do not use the subway.
Exp(B) estimates the times of the probability being in a certain group when each variable is changed by 1 unit. In other words, in model 2, when the standardized distance is changed by 1 unit, it will be increased by 0.765 times. When the distance is increased by 1 unit, the influence of the distance will be decrease.
The standardized distance unit is 1263.7m. [ Table 14 ] shows the value converted into 50m and 100m. When assuming the increase by 100m, the maximum model shows the increase of 1.829 times of car use.
The explanatory power of the variables are shown as 'possession of car>age group>z_Subway distance>z_median value of income'in model 2. It is important to remember that the survey showed that main reason for not using the subway was the possession of a car. The 30's age group influenced subway utilization significantly, and distance had a bigger influence than income.
Considering that the possession of a car is necessary in modern society, car ownership will be the trend in modern society. However, considering that the transportation use rate is 30 to 40% in planned cities, we can increase the public transportation usage rate in the cities focusing on public transportation oriented planning.
Walking Accessible Distance Estimation
Subway use rate by distance did not draw a certain regression curve against the distance because of the actions of the various social factors. Therefore, we did not use the method by regression curve but estimated marginal value of walking distance using 2×2 cross tabulation.
Generally, Odds Ratio is defined as the level of changes of odds of dependent variables according to the change of one unit of independent variable 15) It is usually used in 2◊n table analysis method. It is the baseline ratio for the various measurements of the relationship in the allocation table. In case two independent variables are totally independent each other they will have a close relationship with percentage of row or column. 16) We configured 2×2 table using subway utilization rate in the unit of 100m. When the x2 test values of the matrix of each distance were significant, we judged the corresponding distance and the distance to the subway had a significant relationship. As a result, in case of maximum value of the distance, 700m, 1000m, and 1100m points were significant. Accordingly, walking) distance was located between 700m-1100m based on the maximum distance. The first walking limit was 700m, and the second walking limit was 1100m.
The shuttle system and accessibility (usability) to the subway
According to the result of analyzing means for subway users to access subway stations, the largest percentage of the users walk to the stations. In Bundang and Ilsan, in which some apartment complexes are beyond the walking distance from subway stations, the percentages of shuttle bus users are 6.5% and 4.5% respectively, higher than that in Gwacheon and Pyeongchon. In Jongdong, which is most distant from subway stations, the percentage of people to access subway stations by bus is highest as 17.6%.
The relationship between facilities for pedestrians and the use of public transportation
The relationship between urban physical environment and the subway use rate was analyzed using likelihood ratio and regression analysis.
This study attempted to examine the effect of pedestrian roads in the logistic model using dummy variables but the model cannot be used because significance level was too low (0.444). Therefore, the variable of pedestrian roads is understood to have less explanatory power than other variables because there are not many apartment complexes neighboring to subway stations and the subway use rate is low as a whole.
In case of Ilsan, however, the subway use rate is high even in complexes far from subway stations. This suggests that the effect of pedestrian roads is not ignorable. Thus, this study examined using likelihood ratio the effect of pedestrian roads in apartment complexes adjacent to pedestrian roads or subway stations in comparison with cases that subway users have to cross a pedestrian crossing.
In Table 18 , pedestrian roads increased the probability of using the subway up to 1.621 times higher than that without pedestrian road. For further details, the relationship between the number of times of crossing a pedestrian crossing and the subway usage rate was analyzed.
According to the result, a secondary-degree curve was obtained for the number of times of crossing a pedestrian crossing and the explanatory power of the model was as high as R≤=98.95%.
That is, a time of crossing does not make a big difference but from two each crossing of a pedestrian crossing lowers the subway use rate by geometric progression.
Although this study did not verify how much urban physical environment expand pedestrians' walking range Table 14. Conversion Table of Influence on Distance  Table 15 . Odds ratio Table 16 . 2×2 Table configured with Maximum Value of Distance 0: Located outside the specified distance 1:Located inside the specified distance but found that the subway use rate falls by geometric progression with the increase of the number of times of crossing a pedestrian crossing. Because the phenomenon happens only with two or more times of crossing of a pedestrian crossing, it indirectly suggests the importance of pedestrian roads to public transportation nodes.
IV. Conclusion
In this study, we analyzed the influences of variables using logistic regression analysis to analyze factors influencing public transportation use together with the analysis of urban structure in order to plan a public transportation centered sustainable city space. We analyzed the influence of physical environments on the accessibility to public transportation using Odds Ratio). Following are the results of the study.
First, walking access to the subway station is generally within 10 minutes. The 10 minutes distance proposed by New Urbanism has the scope of 732-762m. However, people showed differences in their perception of 10 minutes, and more than 60% of people perceived 1 km as 10 minutes. Therefore, the estimation of distance using time was not accurate.
Second, we constructed a transportation method selection model using logistic regression analysis. The influence of variables were shown as 'possession of car>age group>distance to subway>median value of income'. As distance to subway is a more important factor in subway use than income, we can see physical plans are more important than socioeconomic factors.
Third, as a result of the analysis, those who have less than 50 million won income and live in a residence under 30 pyung used the subway more frequently. To increase the subway utilization rate in new cities, the houses for this class should be placed within a walking distance area.
Fourth, when estimating walking distance range using odds rate, the area between 700m and 1100m showed a significant change in utilization probability based on the maximum value. From this, we can estimate high-density development range and maximum walking distance around public transportation spots in order to implement a public transportation oriented city structure. In other words, we need to place high density residences within 700m, which is the primary walking distance and increase the walking accessibility to public transportation spots. It also implies we can place high-density models up to 1100m, the secondary walking distance limit.
This study has the meaning that it identified the class uses the subway empirically and set walking distances for planning a public transportation oriented city.
However, it has some limitations such as there were no diversified variables because we did not consider whole process of commutation, that we did not measure distance variable through accurate relocation path analysis, and that the explanatory capabilities of the model was not so high because the variable related to car possession had too big influence on subway usage rate.
Further studies are needed regarding development scope in walking distance area proposed by foreign theories such as TOD, the relationship with land use planning and setting the walking distance area including social variables. 
